Introduction
World Wide Web (web) technologies provide tools for the communication of information. This information takes its meaning from an ever-increasing diversity of domains of human activity. Among these domains, understanding the user's work domain has been a consistent source of interest and challenge for human-computer interaction designers. Consequently, much of the research of the past decade has concerned different approaches to formulating this understanding. In the 1980s, user-centered design (Norman, 1986) focused attention on the need for designers to base their design rationales on an understanding of the work domain to be supported. Since the early 1990s, work in cooperative design (Kyng, 1991) and participatory design (Muller, 1991) has emphasized the role of user participants in treating work context as an empirical source of design rationale.
In this paper, we present our approach to HCI design with the notion that it addresses some of the user work domain problems facing web designers, principally the problems of incorporating workplace expertise into the design process. While tools for manipulating information across a variety of work domains are of necessity abstracted from any specific work domain, web sites are intimately connected to specific domains of activity because their primary substance is the ordered information necessary to define and give meaning to those domains. To increase the usefulness and usability of a web site, the designers must incorporate into it the sociolinguistic practices of the community of people who will use the site (Shneiderman, 1997, this issue) . Designers can increase their access to this community by establishing a structured dialogue with representative members.
In the rest of this section, we locate our design method and its rationale relative to current theory and practice. In Sections 2-4, we describe the method and its application in the evaluation and redesign of a web site. Our method is a revised form of scenariobased design as developed by .
SCENARIO-BASED DESIGN
The phrase ''scenario-based design'' represents a diverse field of design practice (Carroll, 1995) . The various techniques are connected by the use of scenarios to ground the design process in the situated tasks of users. These scenarios describe sequences of actions taken by a user with a specific goal in mind. In our work, we have focused on the scenario-based design theory and techniques developed by . A brief description of their approach is presented here (for more details, see . treat design as inquiry. Their methods are meant to make explicit those assumptions and activities of the design process which are usually implicit. The primary argument is that designers use scenarios (walkthroughs of a design artifact in use) to informally test the usefulness and usability of design artifacts. From the test, the designer draws conclusions about the artifact and modifies the design. In scenario-based design, the first step is that a scenario is written down as a detailed narrative. Next, claims are made about the usability and usefulness of particular artifacts envisioned in the scenario. These claims are also recorded in a manner that maintains their link to the scenarios they analyse. This process of scenario construction and claims analysis is conducted as an iterative cycle. In the end, the accumulated scenarios and claims constitute the design's description and rationale.
DIALOGICAL DESIGN: SCENARIO-BASED DESIGN FROM A DEWEYAN PERSPECTIVE
In our work, we have adapted the Carroll and Rosson method according to an analysis of it in terms of John Dewey's theory of inquiry (Erskine & Garrison, 1997) . Dewey was an American philosopher active primarily in the first half of this century. He treated inquiry as a cyclic process (1938, 1986) in which the creative envisionment of a tool is followed by its testing through application in a concrete situation of use. However, this test is initially conducted in the imagination through deliberation. The use of scenarios and claims reflects the deliberative process.
Many, in the HCI community, may be unfamiliar with Dewey's thought. Some may have been exposed to interpretations of Dewey that associate him with the logical positivists. Regarding the latter point, current scholarship recognizes this as a misinterpretation of Dewey's emphasis on dialogue as a productive tool and science as a disciplined form of inquiry, both well suited to the resolution of concrete problems. In fact, Dewey's rejection of objective realism was at the core of years of debate with Bertrand Russell (Hickman, 1990 ). Dewey viewed objects as the products of our objectification of experience in order to effect change in the world.
In order to briefly elaborate on Dewey's theory of inquiry, we will compare it with some characteristics of Activity Theory, a psychological theory of interaction which has found application within HCI in recent years (Nardi, 1996a) . Activity theory emphasizes the concept of consciousness as fundamental to the study of human activity. In this context, Nardi (1996a) summarizes Vygotsky's (1925 Vygotsky's ( /1982 description of consciousness as ''a phenomenon that unifies attention, intention, memory, reasoning and speech''. Dewey describes the role of consciousness in activity as our ongoing awareness of ''the qualitative whole of a situation'' (Dewey, 1930 (Dewey, , 1984 . Dewey casts this awareness as a bodily state that precedes and underlies articulate thought. Activity theory emphasizes the difference between people and things on the basis that humans alone possess motive and consciousness. Dewey, in the Darwinian tradition, extended these traits in degrees to other species as well. For Dewey, ''things'' are our experiences of the world which we render articulate by constructing objects. We produce objects in reaction to lived situations. These objects, both mental and physical, are applied in an attempt to alter natural processes in order to affect the qualitative whole of the situation. Activity theory points out that activity can only be understood with reference to our use of artifacts in daily life. It focuses on practice and its contextual dependencies. For Dewey, our activity is a reaction to the current situation. We are in fact, an organic part of the situation and the situation is an organic outgrowth of past situations. Our activity is a mixture of habituated actions and reflective thought determined by the effectiveness of our actions in achieving the end-in-view. This effectiveness constitutes the primary test of our actions and of the artifacts (mental and physical) they employ.
Finally, for Dewey, language was the ''tool of tools'' (Dewey, 1925 (Dewey, , 1981 . It is the means by which we carry out personal deliberation in a situation (internal dialogue). It is also the primary means by which we coordinate our activities with others (social dialogue). It is through social dialogue that meaning arises. Garrison (1995) points out that perhaps the core of Dewey's philosophy may be recognized in ''his argument for the natural origin of language in shared behavior''. For Dewey, meanings emerge in the act of coordinating naturally occurring behaviors. The coordination is between two or more people (social dialogue) and, also, beyond the early stages of a child's development, between the conscious being and the self-taken as other (internal dialogue). As in activity theory, physical artifacts (as well as the mental artifacts called objects, concepts and procedures) are central to this process: ''Pointing, looking and grasping (and the physical objects and artifacts these actions imply), as meaningful activities and not merely random behaviors, are themselves socially constructed by mutual assistance and understanding (coordination) within a shared context that establishes intersubjective, and in that sense objective, reference'' (Garrison, 1995) .
Clearly, this analysis indicates that Activity Theory and Dewey's Theory of Inquiry hold much in common. Researchers in Activity Theory have reached the same conclusion (Kuutti 1996) . However, there is at least one primary distinction. Dewey places greater emphasis on the roles of inquiry and language in the shaping of activity. The analytical constructs of Activity Theory come close to implicating inquiry by emphasizing the need to analyse activity in terms of the Subject, Object, Actions and Operations involved (Kuutti, 1996) . But these constructs are not prominently cast as components of a cycle of thinking and acting. Language is identified as one of the primary categories of artifacts, which is different from Dewey's view of language as the primary tool used in the deliberation and communication necessary to produce all other artifacts. Dewey referred to language as ''the nurturing mother of all significance''. This distinction between the two theoretical frameworks would perhaps not have been so significant had they not appeared to be manifesting themselves in methodological differences in their respective approaches to HCI. Nardi (1996b) , in discussing Activity Theory's methodological implications for HCI, emphasizes rich description of user activity through interviews, observations, video and the analysis of historical materials. The ''user's viewpoint'' is also sought as well. But the examples cited indicate that this involves either ethnographic study (Holland & Reeves, 1996) or informal exchange of design ideas between users and designers (Bellamy, 1996) . In contrast, a Deweyan perspective on HCI design implicates user's inquiry into the use of artifacts in their work as the most important source of workplace data for design. Further, it suggests a form of participatory design in which the focus is a dialogue between users and designers, formalized through the use of scenarios and claims. The rest of this section elaborates these points.
From this overview of Dewey's philosophy, we draw the following principles for the analysis of design in general and, in particular, the scenario-based design of systems of human-computer interaction. Dialogue (language) is central to human activity. It emerges in the context of lived situations as we labor to affect their quality. Dialogue is internalized to support the deliberative construction of the objects and relations intuited as relevant to the situation. The products of this internal dialogue receive their test, their validation, through their actual use in authentic situations. These products (tools, artifacts) are invested with meaning as dialogue is used to coordinate actions between two or more ''centers of action'' (Garrison, 1995) . In this view, objectivity becomes intersubjectivity in which ''the epistemological authority warranting a knowledge claim to be ''true'' resides within the sociolinguistic practices of the community of those competent to judge (Garrison, 1995) ''. To propose to design something for others then, is to imply the broadening of one's own community by entering into the study of the sociolinguistic practices of the work domain for which one would design. This view does more than add to the rationale for participatory design practice. It also implicates structured dialogue as the foundation of specific techniques to support the participants.
It is precisely from situated, structured dialogue that scenarios and claims analysis draw their potency. The construction of a scenario and its analysis via claims corresponds to the process of personal deliberation through internal dialogue.
In Dewey's theory of inquiry, creativity and analysis are bound together in the cyclic process of inquiry. The differences in the forms of inquiry called art, technology, science and mundane daily activity are matters of desired outcome rather than fundamental process (Dewey, 1925 (Dewey, , 1981 . This perspective has three important implications for the role of users in the design process.
First, to say a user has expertise regarding his or her work is to say that the user has knowledge and skills which are the product of ongoing inquiry into that work. Users, like designers, carry out a cyclic process of creativity and analysis in their work which can be represented explicitly as scenarios and their analysis via claims. Like designers, users will find the thought processes familiar and readily usable. To the extent that users understand their work, they can participate in the design process by constructing scenarios and claims about artifacts which they may use in that work. Scenarios and claims provide a means for user input that, relative to interviewing and observing users, is more organized, situated and reflective. The designer can use these scenarios and claims as a basis for his or her vicarious involvement in the user's situations of use and ongoing workplace inquiry.
In this manner, the designer can gain improved access to the workplace expertise of users. At the same time, by envisioning and critiquing digital artifacts, the users on the design team are taking a step into the designer's domain of expertise. Thus, a second implication for the design process is that users must somehow have a functional knowledge base regarding the digital technology appropriate to the project. Further, one would expect the designer's critique of the users' scenarios and claims to focus on the digital artifacts employed. In turn, through acquisition of the knowledge base and analysis of the designer's critique, the users gain access to the workplace expertise of the designer. The user becomes vicariously involved in the situation of the designer.
A third implication for the design process is that the core activity is a dialogue between the user and the designer. This is not a new idea in itself. What makes it new is its treatment as an extension of the individual internal dialogues employed by users and designers as they conduct inquiry into their respective work domains. Our methods seek to formalize the products of individual internal dialogue (via scenarios and claims analysis) and, thus, provide a foundation from which to derive and organize the social dialogue of the design process. In this dialogue, the primary goal of the designer is to facilitate the extension of the users' ongoing workplace inquiry to include the application of digital technology.
This process is similar to cooperative design (Kyng, 1995) in its emphasis on the workplace expertise of users. Like cooperative design, dialogical design emphasizes the central role of reflection on the concrete, situated tasks of users at their work. It is also similar to participatory design (Muller, 1991) in the extent of the users' role in artifact envisionment. Our approach differs from both in its emphasis on individual reflection and structured dialogue. More specifically, we treat design as a cycle of inquiry in which inquiry through internal dialogue prepares a participant for inquiry through social dialogue (Erskine & Garrison, 1997) .
In the following section, we report on the application of this method in the evaluation and redesign of a web site. It is a report on a test of the method and also a further explication of the method by example.
Overview of the Design Project

HISTORY OF THE COLLEGE OF EDUCATION WEB SITE
The web site for the College of Education at Virginia Tech was established in 1994. Like many others, the site was initially designed to present the College to users of the Internet and to provide space for the home sites of faculty, staff and students. An informal needs assessment led to the posting of an additional collage of information resources primarily for internal use.
In the fall of 1995, the site administrators asked our design team to evaluate the site to identify elements which could be improved. We decided to use scenarios constructed by users to conduct the evaluation. Also, we saw, in this project the opportunity to explore the application of our ideas concerning the relationships between scenario-based design, personal deliberation and dialogue among design participants. Both the evaluation and DIALOGUE IN SCENARIO-BASED DESIGN our ''dialogical'' approach to design required modifications to more typical scenariobased design procedures.
In the rest of this section, we provide an overview of the revised method of scenariobased design we have used in this project. In Section 3, we report the results of the project. We walk through the process, providing examples of scenarios and claims, an analysis of the data and a detailed description of design reasoning and events. In Section 4, we summarize our activities and discuss our conclusions and ideas for further research.
A REVISED METHOD OF SCENARIO-BASED DESIGN
In this project, we modified scenario-based design techniques in two principal ways. First, scenario-based design is generally applied at the beginning of the design process. Scenarios and claims are used to facilitate thought about artifacts (design elements) as they are envisioned. In this project, we modified scenario-based techniques to address the process of evaluating an existing web site. The result is a procedure we refer to as retooling scenarios. Second, we modified scenario-based techniques in an attempt to better facilitate personal deliberation in the design process, especially deliberation by user participants.
The role of the users varies across practitioners of scenario-based design; ranging from observation and interview of users (Nielsen, 1993) to participation of the users in the design team as stakeholders (Muller, 1991) . Our approach is closer to the latter in that users are design team participants. However, it is set apart by our concern with two aspects of deliberation.
First, deliberation is personal and internal in its formative stages (Dewey, 1922 (Dewey, , 1983 . Second, deliberation is contextual (Dewey, 1930 (Dewey, , 1984 , i.e. a plan of action (a scenario) is contingent on aspects of the concrete situation in which it is to be carried out. If design is treated as deliberation in inquiry (Erskine & Garrison, 1997) , then both of these characteristics of deliberation bear on the role of users in the design process. In the first case, a person engaged in design should be afforded a period of personal deliberation, i.e. outside the dynamics of a brain-storming session or design meeting. In the second case, since the characteristics of tools affect and are affected by the context of their use, persons participating in design need to understand the functional characteristics of the technology being applied.
In this project, we used an abbreviated version of the design methods implied by our discussion of personal deliberation in design. Before pursuing a more extensive application of our ideas, we wanted to first determine whether or not user participants who were ''web novices'' could independently construct useful scenarios. Also, the extent of the project was constrained by the need to evaluate the existing site design in fairly short order. So, in this pilot study, we sought to answer the following questions.
E Can novice user participants independently develop scenarios which apply digital technologies appropriate to the task? E Are the resulting scenarios a sufficient base for designers conducting the redesign of a web site?
E How do the user-participant scenarios differ from those one would expect a designer (relatively unfamiliar with the work domain) to develop? E Does retooling scenarios support the evaluation of an existing web site?
We pursued our two goals, evaluation and redesign of the site and testing of our ideas about deliberation, through the following steps.
1. Identification of user classes. 2. Recruitment of representative users into the design team. 3. Training of user participants regarding relevant digital technologies. 4. Elicitation of scenarios from the user participants. 5. Retooling of the user-participant scenarios. 6. Claims analysis of the original and retooled scenarios. 7. Evaluation of the existing web site using the scenarios and claims. 8. Redesign of the web site using the scenarios and claims.
Results
ESTABLISHMENT OF USER CLASSES
We began the scenario gathering process by identifying classes of intended users of the College of Education web site. These classes were distinguished on the basis of differences in their members' information goals. In turn, these differences generally corresponded to different occupations. For instance, it seemed reasonable that the information goals of a K-12 † teacher would differ from those of a prospective graduate student, i.e. the K-12 teacher would be more likely to be looking for lesson plans, and the graduate student looking for academic program details. The design team (not including users) engaged in a period of brain-storming and discussion resulting in the identification of the user classes given in Table 1 . This principally involved examining both the mission of the college and its current and potential clientele.
DESCRIPTION OF USER PARTICIPANTS
Because of time limitations and a decision to begin with a pilot study, the design team modified the original goal of acquiring at least one scenario per user class to that of acquiring a total of approximately 10 scenarios from the most accessible users classes. In the end, we accumulated 11 scenarios (one each from 11 user participants) representing five user classes.
All of the user participants had little or no exposure to the web beyond a brief demonstration. Most had used Gopher clients and email in a recent course. All were familiar with the concept of the Internet as a global, potentially pervasive, computer network. Each of the 11 user participants sent us one scenario. All but one of the users began work immediately after our presentation (see Method of Training Users below) and finished in about 2 h. During that time, users had access to the web but few used it. Instead, they focused on thinking about their work, choosing a goal and constructing a scenario. † The phrase K-12 is used in the USA to refer to the public school system charged with the education of children roughly from age five (Kindergarten) through age 18 (12th grade). User participants were provided with printed materials offering instruction on the functionality of the web. The instructional materials were designed to focus on the functional characteristics that define the user's experience and assessment of web-based tools. Direct and analogical correspondences were made between features of web sites and traditional media. The obvious example is that of the page. Less obvious is the role of the hyperlink. We presented the hyperlink as a logical connection between two bodies of information analogous to the referencing of sidebars in books and magazines. We used this example to emphasize the dependency of a hyperlink's logic on the context established by the user's experience of the site up to the point of clicking on it. From this foundation, we discussed the context of a user's work as the measure of a web site's usefulness and usability and how this concept reiterates the need for reflective user input in the design process. Other web artifacts treated in the instructional materials included ''typing in keywords to search for documents containing them'', filling in forms, clicking on a person's name to send email and clicking on the name of a document to download it. The handout treating this information was accompanied by a 15 min presentation on the use of scenarios for design and the particular format we were using. Design team members were available to support the user participants as necessary. However, very few questions were asked and the resulting scenarios reflected an understanding of the points presented in the instruction. User participants were asked to send at least one scenario to us by the end of the following day. In order to encourage usable format and content, the design team provided user participants with a scenario template consisting of the following ordered sections: Context, Goal and Action. Figure 1 presents one of the scenarios constructed by a user participant using this template.
User participants were instructed that the scenario should include its work context, the specific goal being pursued and a first person narrative of the actions taken. The instructional materials emphasized that the users should construct scenarios employing artifacts they would like to encounter without reference to those of the existing College of Education web site. 
Goal
My goal is to find an alternative method of student assessment. To get away from the traditional letter grade. The battery we will probably be using is the ''Rubic'' method. I would like to find hands-on information about its method as well as other methods of ability assessment.
Action
Using a tool for searching web sites, I find a link to the home page of the Virginia Tech web site. From the Virginia Tech home page, I follow links to the College of Education home page. I scan the page, looking for a reference to the Curriculum and Instruction program. At the Curriculum and Instruction home page, I find a link for Teaching Strategies and a list of items such as student assessment criteria and methods for student ability assessment. I click on ''methods for student ability assessment''. The next page begins with an explanation that keywords can be clicked to search the full text of the various documents describing student assessment. I scan the documents and find that there is hands-on information that can be transferred to my computer for use. The scenarios generated by users were sophisticated in both their expression of work-related goals and their application of web technology (Figure 2 ). Users carried out the process with a minimum of assistance (beyond the instruction referred to earlier) from the design team.
On the surface one might question whether a ''nondesigner'' could (or would be willing to) assimilate a new technology and an unfamiliar design procedure to the point of contributing to the design process. However, scenario construction follows a pattern of inquiry familiar to everyone. As for understanding web technology, the users were asked to understand the capacity of the web to support work with information. That is, through instruction, web technology was presented to the user participants in terms and concepts familiar from their own work with information. For example, rather than discussing ''search engines'', we discussed the capabilities of web sites to support textbased searches for information. Rather than discussing client-server architecture, we discussed the fact that information is accumulated and organized in web sites. Also, the web is a success, in part, because it supports designs which allow users to leverage information skills they have developed in other (primarily print-based) domains. The pages of the web are direct descendants of printed pages. Many web design guidelines work to preserve some of the conventions developed by the designers of print artifacts and assimilated by their users. For instance, consistency of page layout and length. Of course, the fundamental characteristics that set the web apart from print (hyperlinking and networking, e.g.) exist in tension with this leveraging of the familiar. However, from the user's prespective, these new characteristics of media are readily assimilated to the extent that they are designed to meet an existing user need in a reasonably accessible manner. For example, hyperlinking and keyword searches, potentially, facilitate
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Context
I am Peter, a graduate student in exercise science at Virginia Tech, and I am also a graduate teaching assistant (instructor-Introduction to Weightlifting). I am interested in taking another computer class in the spring semester. I would like to learn some advanced technology and keep up with this fast paced computer age.
Goal
My goal is to search the College of Education and find out what other computer courses are being offered in the spring. I would also like to get a brief description of the course, and who the professor will be.
Action
My first step would be to log on to the homepage of the Virginia Tech web site. Next, I would locate the College of Education homepage and click on that. I would then scan the page for the Instructional Systems Development program. I would click on that command and this should give me a list of things in this area. My next step would be to look for the command ''Courses in Instructional Technology''. I would click on this command, and this should bring up a list of all the courses offered in the Instructional Systems Development program. From here I should be able to click on the course I am interested in and this should give me a brief description of the course and the name of the professor that instructs that class. Further commands under the course would be whether the course is taught in the spring and a link to a course outline. flexibility in the logical and efficient ordering and accessing of information. Users adopt these unfamiliar characteristics to a point (and in a manner) that achieves a balance of personal cost and benefit. All 11 scenarios involved users looking for specific information. In retrospect, we might have predicted this. Each user constructed only one scenario. Because web sites are primarily perceived as sources of information, it makes sense that the first scenario a user constructs would deal with accessing information. This interpretation suggests that one way for a designer to elicit a greater diversity of scenarios from users is to have individual users construct multiple scenarios. Still, it is possible that all the scenarios an individual user constructs would deal with searching for information.
Two activities can be applied to reduce this possibility. First, the orienting instruction provided to users can emphasize other goals in addition to finding specific information. Our instruction did this (to a point), but its potential diversifying effect was preempted by users constructing only one scenario each. Second, we can recruit the typology of user concerns. The typology consists of six ''generic usage situations'' (Table 2) intended for use as ''a heuristic for recognizing or developing specific scenarios'' . The typology could be included in the instruction and design tools provided to the users to encourage and guide the construction of a diversity of scenarios.
Though all the scenarios can be grouped into one category of the usage typology, ''searching for information'', they exhibit diversity with regard to the type of information (Table 3) . At the same time, these diverse information goals hold in common the pursuit of discrete ready-to-use bodies of information. This point is addressed in the discussion of claims analysis (Section 3.5) but merits brief discussion here as well. The user-participant scenarios support the assertion that the web is primarily about accessing and using information. In this respect, it differs from the large majority of software applications, which are tools designed for the creation and editing of information. On the web, discrete bodies of information are tools: a list of telephone numbers, a course syllabus, the use schedule for a gymnasium, an essay or technical article. Most of the information goals represented in Table 3 would not be addressed by general information about an institution, individual or subject. The user participants constructed scenarios which illustrate their need for bodies of information designed for specific uses in the context of their work. These scenarios support the idea that users of the College web site are most often looking for specific information which they intend to use in some specific way. This suggests that, in addition to deciding what information to include and how it will be accessed, the designers of the site must know how the information will be used and design its presentation in the site to facilitate those uses. In this project, the scenarios constructed by user participants served as authentic indicators of what information users want, how they intend to use it, and how the information could be structured to facilitate that use. Thus, a significant number of the claims constructed (Section 3.5) concern the internal structure of a body of information.
RETOOLING THE SCENARIOS
In order to use the scenarios for evaluation of the existing College of Education web site, the design team devised a process of relating the scenarios to the site's existing artifacts.
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Action
From the College of Educational home page I choose the K-12 link under Other Resources because it refers to curriculum ideas in the context of resources. This takes me to a list of pages which are themselves lists. Most of the lists are points of departure to the home pages of web sites outside the College of Education site. They are not topically arranged and only minimally searchable (using a single keyword). It seems an overwhelming body of information to browse through. I decide to backup and check out the secondary education program portion of the College of Education web site. However, when I click on the secondary education program link I find that this section has not been implemented. So, I decide to conduct my own search of the web using the various search tools available. I find a useful link to these on the College of Education home page. Underlining indicates existing artifacts treated in subsequent claims analysis by the designers.
The user-participants' scenarios were ''retooled''. In retooling, Context and Goal are unchanged, but the narrative of the Action section is modified such that the existing artifacts are used in an attempt to accomplish the goal. Recall that, in a user-participant's scenario, this narrative described the use of artifacts envisioned by the user participant to accomplish the stated goal. In retooling, a designer altered the scenarios as necessary to employ the artifacts of the existing College of Education web site (Figure 3) . The original user-participant scenarios provided insights into what these users want to do and how they imagine using a College of Education web site to do it. Retooling the scenarios, replacing the artifacts envisioned by users with the artifacts of the existing web site, compared these desires and expectations with the experiences and outcomes of using the existing site.
While claims analysis of the retooled scenarios (see Section 3.5) produced formalized evaluative statements, we found that the active process of retooling the user-participant scenarios prepared us in two ways for making claims. First, by enlisting the Context and Goal of a scenario constructed by a user participant, the designer becomes vicariously involved in an authentic situation of use. Working within this authentic context, made us more attentive to the corresponding pleasures and frustrations of well and poorly designed aspects of the site. Second, modifying the scenarios to incorporate the existing artifacts of the site facilitated a comparison of users' conceptions of the information associated with the College with the conceptual organization implied by the existing design of the site.
For example, from the Action section of the scenario in Figure 2 , it is clear that, for the user, administrative programs constitute a familiar organizational unit. In the process of retooling this scenario, a designer first reviewed the Context and Goal and then pursued the Goal using the artifacts of the existing site, constructing a record of Actions along the way (Figure 4) . During this process, the designer referred to the Action section of the original scenario for cues as to what the user would expect to see or do next. For example, the narrative in Figure 4 asserts that, once at the College of Education home page, the user would look for the link ''Instructional Systems Development program''. This point is taken from the Action section of the original user-participant scenario ( Figure 2) . As vicarious user, the designer scans the actual College of Education home Action My first step is to log on to the home page of the Virginia Tech web site. Next, I locate the College of Education home page and click on that. I then scan the page for reference to the Instructional Systems Development program. I click on the link for ''a wide range of programs at both the graduate and undergraduate level''. Next, I am offered a choice between ''advanced and undergraduate programs.'' Since I am interested in graduate courses, I click on the Advanced Programs link. My next step is to look for the command ''Courses in Instructional Technology''. What I see at first is a general discussion of Advanced Programs so I scan down the page looking for a link that will take me to spring semester course information. I find a list of programs, organized into sublists according to the Divisions of the College. So I click on the Instructional Systems Development link, since I know that it deals with instructional technology and thus computers. I scan the Instructional Systems Development home page looking for a link to course information. I see a link for IT Spring 96 Classes. I am not familiar with the abbreviation ''IT'', but since Instructional Technology is mentioned in a link in the same list, I figure that IT probably stands for that. I click on the IT Spring 96 Classes link. I scan the list of titles looking for interesting computer courses. I find an interesting course entitled ''Multimedia Mac: Director''. The listing includes the instructors' names. The absence of links for the course titles and instructors' names shows me that I have reached the end of the line as far as course information goes. I wonder if maybe the information does exist but is just not linked to from here. I decide this is unlikely and decide to pursue a course description and information about how often the course is offered by emailing the instructor. There is no link to the instructors' home pages from here but I remember seeing a link to faculty on the Instructional Systems Development home page. I will look for the email address that way. Underlining indicates existing artifacts treated in subsequent claims analysis by the designers.
page looking for this link or one related to it, with the expectation that information on courses will be found within the appropriate program area of the site. The closest thing is a general link for graduate and undergraduate programs. This link is clicked on and the event is recorded as the next step in the Action narrative of the retooled scenario. However, as the wording of the link suggests, the user next must choose between graduate (Advanced) and undergraduate programs. Later in the retooled scenario, the designer (as vicarious user) must deal with lists of programs ogranized according to the Divisions of the College. Nothing in the original user-participant scenario, or any other user-participant scenario, suggests that users organize College information in terms of Divisions or graduate vs. undergraduate programs. The primary insight is that the user participants often mentally organize (and talk about) College information resources in terms of academic programs but almost never in terms of College Divisions or graduate vs. undergraduate status. These informal observations, made in the process of retooling the scenarios, set the stage for making claims about the usefulness and liabilities of organizing the site according to the administrative units of the College. This is an example of how retooling user-participant scenarios facilitated a comparison of the mental constructs employed by the user participants with those implied by the artifacts of the existing College of Education web site. More specifically, retooling the scenarios compares the sociolinguistic practices of the user participants, as members of the College of Education community, with those implied by the artifacts in the existing web site.
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CLAIMS ANALYSIS OF THE SCENARIOS
Claims analysis of scenarios provides a systematic way to record and reflect on the psychological claims embodied in a designed artifact . Including an artifact in a web site implies that users will experience certain psychological consequences in certain situations of use, i.e. that the artifact will affect the user such that it is useful and usable under targeted conditions. Claims analysis of a scenario encourages designers to make explicit the psychological consequences implicit in an artifact designed for use under the conditions described in the scenario. For example, the claims in Figure 5 are hypotheses about the psychological consequences of artifacts envisioned in the ''finding a method of student assessment'' scenario in Figure 1 .
In this project, claims analysis of the original scenarios provided a way to reflect on both the information user participants would like to find at the College of Education web site and how they envision that information being arranged and accessed in the pursuit of specific goals. Much of the content of a user-participant scenario is an incontestable reflection of the way the user thinks about the work at hand. However, the scenarios contain artifacts which can be refined. As designers, we read through the original scenarios looking for the advantages and disadvantages of the artifacts employed but, because these were user-constructed scenarios, we were constantly encouraged to compare our critique to what the scenarios indicated about the needs of the users.
In comparison, claims analysis of the retooled scenarios facilitated consideration of how the existing web site supported and failed to support user participants in pursuit of their expressed goals. Retooled scenarios indicated whether or not specific user goals were attainable via the existing web site. For attainable goals, the retooled scenarios indicated whether or not the site design anticipated the means by which users would pursue these goals.
Making claims about the retooled scenarios provided a way to formally pinpoint where and how we perceived the site design breaking down under use, as well as where and how the site was successful in supporting users in their work. Thus, while the original scenarios were the authoritative source regarding user goals and concepts, the claims analyses of both the original and the retooled scenarios were sources of design rationale for the evaluation of the successful and problematic aspects of the existing College web site. We used this rationale to make a persuasive case for a complete redesign of the site. Subsequently, in developing the new design for the site, we drew on these scenarios and claims as sources of design rationale for artifacts that had proven useful and artifacts to avoid. Figure 6 lists the claims constructed for the user-participant scenario from Figure 2 . The underlined items correspond to artifacts in the scenario. These claims provided useful information about the design of the College web site on two levels: specific and generic. On the specific level, there is information about the content and structure of information necessary to support a student in deciding whether to take an Instructional Technology ''computer'' course in the coming semester. The claims provide a rationale for making College programs quickly accessible from the College home page, as well as organizing spring semester course information according to the programs offering the courses. Further, the claims argue for making much of this information specific to the instructor responsible for the course that semester (as opposed to general descriptions of course content and format). Finally, the claims describe the usefulness of offering course information in layers of increasing detail. In the context of the scenario, these are obvious points. But in the context of more abstract discussions by site administrators about ''what we might include on the web site'', it may be easier to succumb to the temptation to place readily available information on the site with a minimum of editing. The course information supplied on many university web sites bears this out. Most often, it is information prepared for registration purposes: course title, date, time of day and a registration number. While there may be practical reasons for providing only this minimal information (e.g. lack of resources to do otherwise), evaluating the information in the context of the retooled scenario of ''choosing a course'' (Figure 4) , makes clear the limitations of its usefulness and the potential impact on students' perceptions of the College web site and, by extension, the College. Similarly, Benyon, Stone and Woodroffe (1997, this issue) warn against attempting to increase the effectiveness of instruction by simply hypertextualizing existing course material and putting it on the web. The retooled ''choosing a course'' scenario ( Figure 4 ) and its claims analysis (Figure 7 ) illustrate this point. Claim 7g formalizes an assertion about the consequences of denying the user access to detailed course information. The corresponding scenario (Figure 4 ) asserts a sequence of events that leads to a situation in which the current site design first suggests that the user will find information for choosing a course (the link to IT Courses for Spring 96) and then fails to provide that information (only a list of course titles and associated registration information is available). The assertion is bolstered by the fact that the scenario is derived from a user-participant scenario retooled to employ the artifacts of the existing web site. 7f. The instructors' names Since the course titles are not linked to further information, it is useful to provide the instructor's name as a contact for more information. But, the name should be linked for emailing the instructor or to a page with more extensive contact information such as telephone and office numbers. But, there should be a link to more information about the instructor.
7g. Absence of links for the course titles
Denying the user access to information about course content (beyond the title) is an obstacle for students who would use the site to select courses for the coming semester. But, the description should be for the instructor actually teaching the course rather than a generic description of the course. On the generic level, the points in claim 7a about the advantages and disadvantages of categorizing resources by College program can be viewed as an instance of a more general statement about the advantages and disadvantages of accessing information by moving through hierarchies. A hierarchy is useful when the context of use suggests to the DIALOGUE IN SCENARIO-BASED DESIGN user a familiar conceptual scheme that matches the hierarchy. When this is not the case, a hierarchy can be significant obstacle to finding information. As another example, the course list claim (7b) is a specific instance illustrating the advantages and disadvantages of lists in general. A list can be an efficient way to browse information when its elements are appropriately descriptive and the ordering of the elements facilitates the goals of the user. When this is not the case, a list becomes a very inefficient means of browsing information.
When we were carrying out the claims analysis for this evaluation project, we made no formal distinction between specific and generic levels of information. We recorded the scenarios and claims in the specific forms shown in the examples. It was only after our use of scenarios and claims in design meetings that we became aware of the usefulness of formalizing these generic abstractions. This insight came indirectly, in the midst of trying to organize the dialogue of design meetings. Before discussing the design meetings, we will briefly describe the document management tool which we used to organize the accumulation of scenarios and claims. We had anticipated using this tool to guide the design meetings as well.
THE DOCUMENT MANAGEMENT TOOL
Scenario-based design often leads to the production of a large number of design documents (Rosson & Carroll, 1995) . To facilitate the management and archiving of the design documents, the design team developed a hypertextual document management tool. The tool, here referred to as the ''document manager'', was designed to support the accumulation of scenarios and claims as well as their use in the design meetings. Further, the tool was intended to lay the ground work for a web-based archive which would reflect both the final design's rationale and the process by which this rationale was constructed.
The resulting tool, implemented as a web site, consists of three adjacent windows of hypertextually linked information (Figure 8 ). All three windows are frames displayed within the same browser window. Clicking on a user-participant name on the left causes the corresponding scenario to be displayed in the window to the upper right. Clicking on an underlined artifact in a scenario causes the corresponding claim to be displayed in the window to the lower right. As the claim for the artifact is displayed, the web site artifacts themselves are displayed in a separate Navigator window.
USE OF SCENARIOS AND CLAIMS IN DESIGN MEETINGS: THE NEED FOR DESIGN PROPOSITIONS
In the design meetings, scenarios and claims were used to guide discussion of the usefulness and usability of the College of Education web site. The document manager and web site were displayed on a computer monitor and projected via an LCD panel. The intention was that the document manager would facilitate reference of the discussion to specific scenarios as appropriate. The goal of the meetings was the construction of a set of evaluative statements about the site design grounded in arguments from the original and retooled scenarios and their associated claims.
We had planned to use the scenarios and claims in the design meetings as starting points for discussion, mainly about which aspects of the existing design were problematic and how they might be changed. To this end, we projected the document manager onto a large screen and began discussion by reading the first scenario, its retooled version and the claims for each. From this starting point, there was a recurring pattern which began with one of the designers making an observation about a particular scenario; usually with reference to one of the claims associated with the scenario. A round of discussion followed. If discussion lagged, attention was returned to the scenarios. If a proposition emerged which critiqued or suggested a change to the existing design, it was referred back to the scenario that sparked the discussion or to any other relevant scenario or claim.
We found that it was difficult to maintain a clear line of argument using this approach. This is in part because the scenarios and claims were continuing to stimulate new ideas, particularly for those seeing them for the first time. Another problem, though, seemed to have more to do with how to move the meeting dialogue from reflection on specific scenarios and claims into the process of envisioning what a fundamentally new site design would look like.
For example, reading the ''choosing a course'' scenario ( Figures 2 and 4 ) led to discussion of the ways in which students conceptualize the organization of Collegerelated information. But the discussion seemed to move from the specific to the diffuse. In the middle of this, the discussion regained focus when someone made the assertion, ''Well, hierarchies are inherently limiting are not they? Sure a given hierarchy is useful in the right situation, but what about all those other situations that perhaps require a different hierarchical order?'' In response, someone suggested that perhaps multiple hierarchies were the answer. The site could have many hierarchical organizations of information addressing a diversity of user tasks.
We began to write down these assertions. We referred to these assertions as design propositions. Figure 9 shows the design propositions we developed in the first design meeting in which we worked with the results of claims analysis. Initially, we recorded each design proposition as a paragraph containing a main point and its elaboration. But, as we tried to systematically relate these propositions to the scenarios and claims, we realized that a design proposition is, in part, an abstract (generic) version of one or more specific claims in that it includes assertions about the usability of a generic artifact. So we restructured the propositions as claims.
For example, consider again claim 8a. The claim asserts that Programs within the College are used by students to organize their thoughts about the resources of the College. It goes on to describe possible implications of this idea for artifacts of the College web site. This claim is a specific instance of design proposition 9b in Figure 9 . The design proposition, by virtue of its abstraction from the terms and concepts of a particular task, allowed us to apply the insights from claim 8a (and others like it) at the more general level necessary to make foundational site design decisions. The multiple hierarchies concept, expressed in design proposition 9b, led us to imagine artifacts that could provide convenient access to the many hierarchies necessary to support the varied work contexts of the site's users.
This experience suggested to us the possibility of using design propositions to organize the dialogue in design meetings and to establish the foundational concepts of a new site design. A useful approach may be for those who do claims analysis to also develop design propositions and use these propositions to organize and articulate the points they wish to make in design meetings. Further, those putting forward design propositions would be asked to provide validation (or a rationale) for them by showing how they derive from claims analysis of the scenarios.
We did this, albeit informally in this project, with significant success. In subsequent meetings, we used design propositions, like those in Figure 9 , to structure discussions. The justification for a proposition was based on its derivation from specific scenarios and claims.
This phenomenon appears to support our contention that the individual nature of the deliberative process, on which the construction of scenarios and claims is modeled, must be taken into account in the design process. Communication (as in a design meeting) of a result of deliberation is a separate task from the act of deliberation itself. In our experience, the design meetings created a demand for continuity of communication which became an obstacle to focused deliberation. Recording a structured argument (essentially a design rationale), organized by design propositions and grounded in analysis of user-participant scenarios, allowed team members to reflect on the arguments prior to the meetings. In the design meetings, the design propositions supported discussions about the fundamental structure of the site (as in, how to support the use of multiple hierarchies). The grounding of the design propositions in specific scenarios and claims supported the movement of discussion from these higher-order concerns to those associated with the structure of discrete bodies of information (as in, how to structure the hierarchy used in ''choosing a course''). Together, the structured record of design rationale organized by design propositions and reviewing the rationale before meetings alleviated the demands for on-the-fly deliberation in design meetings.
USING SCENARIOS, CLAIMS AND DESIGN PROPOSITIONS TO REDESIGN THE WEB SITE
In this section we provide an example of how we used scenarios, claims and design propositions to support our reasoning as we began to redesign the web site for the College of Human Resources and Education. † As described above, our design reasoning began in the process of eliciting and retooling user-participant scenarios and analysing them using claims. In design meetings, we used the scenarios and claims to infer more general design propositions. This record of design description and rationale was used to support discussion about the strengths and weaknesses of the existing web site. Next, the design propositions were used to guide the initial design decisions necessary in constructing the foundation of a new web site. Subsequently, when the artifacts for specific tasks were being established, we returned to appropriate specific scenarios and claims for design ideas and reasoning and to reestablish the context of the task.
For example, the ''hierarchies'' design proposition [ Figure 9 (b)] led us to consider artifacts that could provide useful access to multiple hierarchies. First, we split the site into an intranet for faculty, staff and students of the College and an Internet site for all other users. The two sites hold some information in common, but this split allows more flexibility of presentation and minimizes the presentation of information (or types of hierarchies) inappropriate for a given user class. Second, we are using a combination of horizontal and vertical toolbars to provide consistent access to the main hierarchies of a given site, e.g. the intranet site in Figure 10 (http://www.chre.vt.edu/). The horizontal bar is used to navigate across the main hierarchies while the vertical bar on the left is used to navigate within a particular hierarchy, in this case, the People hierarchy. Note that frames have facilitated this approach in that they allow the consistency of certain information across many screens without the need for the user to download the information each time. Finally, because there is an indeterminate number of useful hierarchies, we are developing a search tool and database. The ultimate goal is for the results of a search to be returned as a list arranged in a simple hierarchy determined by the user's search criteria. For example, consider a search for all faculty in the Education Division of the College who are doing research involving the theoretical frameworks ''social constructivism'' and/or ''situated learning''. In this case, we would return search results arranged by the three sub-categories derived from the and/or combinations of ''social constructivism'' and ''situated learning''. It is hoped hat, in this manner, users can create their own hierarchical windows onto information in the site. See Shneiderman (1997, this issue) and especially Smith, Newman and Parks (1997, this issue) for discussions of the structure of search results and search results as virtual hierarchies, respectively. This last approach, search results as a user-constructed hierarchy, though the most promising, is developing slowly as we sort out technical issues before committing to a particular search support strategy (e.g. what sort of database and database link to use). For now, it is limited to the type of search tools represented in Figure 10 . For a discussion of the relationship between searching, browsing and hierarchies in web courseware, see Benyon, Stone and Woodroffe (1997, this issue) .
Lists figure prominently in the use of hierarchies. Thus, as we considered the attributes of our ''hierarchy-use support tools'', we drew on the Lists design proposition [Figure 9(d) ] as well. It asserts that a list supports browsing or searching within a set of information only if the list is of manageable length and ordered according to characteristics relevant to the user's task. In the case of the faculty research example above, this tproposition implies the need for the user to be able to reorder the resulting list of faculty names to support the next step in his/her reasoning. For instance, the user may want to order the list of ''faculty whose research involves social constructivism'' according to the Programs within which the faculty operates.
In the example above, the design reasoning moved from claims about hierarchies and lists in general to the requirements for hierarchies and lists to support a specific task: learning about faculty with a particular research interest. Once our reasoning focused on specific tasks, we returned to the specific scenarios and claims that described them.
For example, we used the ''choosing a course'' scenario ( Figures 2 and 4) to develop, within the site framework developed on the basis of the design propositions, the attributes of the hierarchies, links and lists involved in supporting that task. Because ''Programs'' had been treated as one of the main hierarchical divisions of the site (Figure 10 ), users can quickly access information about the College arranged by Program. On the home page for a given Program there is now a link to a list of courses for the coming term. The information for each course is organized by a hierarchy derived from the scenarios and claims of the ''choosing a course'' scenario: course title, brief course description and full course outline.
Of course, as we developed the artifacts of the new web site design, we combined and refined the original and retooled scenarios and claims. When the redesign is complete, the new site will have its own set of scenarios and claims derived from the original user-participant scenarios and related, as instances, to the site's design propositions.
THE ROLE OF STRUCTURED DIALOGUE IN THIS SCENARIO-BASED DESIGN PROJECT
As discussed earlier (Section 1.2), our theoretical perspective casts the design of human-computer interaction as a dialogue between designers and the intended users. This goal, we argued, is best approached through the use of scenarios and claims to structure dialogue in a participatory design setting. Also, the dialogue would be facilitated by allowing for a cycle which moves from personal deliberation (internal dialogue) to deliberation in design meetings (social dialogue) and back again.
The scenarios constructed by user participants appear to support these assertions. While it is conceivable that designers could have constructed scenarios similar to those elicited in this project, it is very unlikely that the designers' scenarios would use the terminology, the sociolinguistic practices, of a representative of a particular user class engaged in a particular task. For instance, the user-participant scenarios made it clear that students think of most College resources in terms of Program that offers them as opposed to other College subunits, e.g. Divisions or graduate vs. undergraduate studies.
Our problematic experiences in design meetings illustrated the difference between internal deliberation and social communication of the products of deliberation. Constructing scenarios and doing claims analysis are both open-ended, recursive activities. One moves back and forth between the intuitive and logical stages of inquiry. The participants in this project carried out these activities alone, i.e. through internal deliberation. Deliberation in design meetings adds the complicating factor of communicating with other people. In our design meetings, we found that the constant requirement for communication impeded the process of internal deliberation. Only when we developed effective tools for organizing communication and separating it from internal deliberation did the meetings become acceptably productive. One such tool is a set of design propositions grounded in specific scenarios and claims. Another communication tool is a document which records an organized presentation of one's scenarios, claims and design propositions for study by other design team members prior to meetings. This approach allows team members to become familiar with the products of one another's deliberation and to formulate responses. This view does not speak against the usefulness of relatively free-form brain-storming sessions. In fact, most of our design propositions were generated in design meetings. Rather, it suggests that structured dialogue can be used to harness the creative events of both social and internal deliberation and apply them in the construction and refinement of explicit design description and rationale.
Summary and further research
The design of web sites is content-driven. The substance of web sites consists of the ordered artifacts of communication (i.e. the artifacts of the sociolinguistic practices) in a work domain. At least, this is what is required in order for web sites to support people in their work. This view leads to a particular form of participatory design; one which engages user participants and designers in a structured dialogue about the usefulness and usability of envisioned web site artifacts. Scenarios and claims analysis can be used to structure dialogue. However, the design process is also facilitated by taking into account the personal nature of deliberation through internal dialogue. Thus, all participants should be regularly afforded opportunity for personal reflection and the recording of those reflections as scenarios and claims about envisioned (or existing) artifacts in use. We have referred to this cycle of structured internal and social dialogue as ''dialogical design''.
Our experience in the College of Education web site evaluation project indicates that the intended users of digital tools can productively apply their ongoing workplace inquiry in the design process. To the extent that a digital artifact draws its meaning (its situated function) from a workplace domain, reflective participation of users may be expected to improve its design. Given the opportunity (e.g. time and the requisite technology knowledge base), user participants in this project constructed detailed, narrative scenarios in which they envisioned web site artifacts and uses of these artifacts that would efficiently address work domain goals.
Subsequently, designers used these scenarios and claims analysis to carry on a structured dialogue evaluating the effectiveness of an existing web site and beginning the redesign of the site. During design meetings, we found the formulation of ''design propositions'' (abstractions of specific claims) to be useful in structuring the social dialogue necessary for consensus.
However, the construction of a scenario captures only the beginning of the process of inquiry. Thus, in subsequent projects, we plan to expand the role of users as follows. First, users will conduct claims analysis of the scenarios they construct. Second, in order to make the scenarios and claims more tangible, users will participate in the prototyping of artifacts. We are developing a set of digital prototyping tools which will allow users to construct functional artifacts and link them to their underlying scenarios and claims. Third, the design documents thus created will form the basis for an iterative process of critique between the user participants and the designers. A critique may challenge the warrantability of particular scenarios or claims. Or, it may take the form of scenarios or claims by way of challenging or supporting the rationale for particular artifacts.
User participants and designers will engage in individual periods of inquiry (internal dialogue): managing and recording the process via scenarios, prototypes and claims analysis. Design meetings (social dialogue) will be facilitated through the use of design propositions grounded in specific scenarios and claims. The goal is to bring users and designers together as reflective practitioners (Scho¨n, 1983) .
We anticipate merging the prototyping tool with the document manager such that the archiving of design rationale is coupled to its construction. A possible outcome is the archiving of a web site's design rationale as part of the web site itself. We currently refer to this idea as building ''glass pages''. In the glass page mode, clicking on an artifact, would produce access to the scenarios and claims (and perhaps design propositions) which constitute its rationale.
Finally, we will continue to explore the role of design propositions. Experience in the College of Education project indicates that design propositions may be the tool needed to facilitate social dialogue in design meetings concerning the broad implications of specific scenarios and claims. Also, in retrospect, it appears that our design propositions are similar to ''second-order artifacts'' (Carroll, Singley & Rosson, 1992) in that they are more abstract versions of claims. As second-order artifacts, design propositions could be used to link the rationale from a specific project both to the existing design theory and to other design projects. For web-specific discussions of design theory and recommendations, see Shneiderman (1997, this issue) .
